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A novel high-pressure, ultrasonic cell of extremely reduced internal dimensions (0.8  106 m3) and good precision for the
determination of the speed of propagation of sound in liquids was conceived and built. It makes use of a non-intrusive methodology
where the ultrasonic transducers are not in direct contact with the liquid sample under investigation. The new cell was used to carry
out speed of sound measurements in 2-propanone (acetone) in broad ranges of temperature (265 < T=K < 340) and pressure
(0:1 < p=MPa < 160). (p; q; T ) data for acetone were also determined but in a narrower T ; p range (298 to 333 K; 0.1 to 60 MPa). In
this interval, several thermodynamic properties were thus calculated, such as: isentropic (js) and isothermal (jTÞ compressibility,
isobaric thermal expansivity (ap), isobaric (cp) and isochoric (cv) specific heat capacity, and the thermal pressure coefficient (cv).
Comparisons with values found in the literature generally show good agreement.
 2004 Elsevier Ltd. All rights reserved.
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Measurements of the speed of sound (SS), u, in liq-
uids have proven to constitute a powerful source of
valuable information about the thermophysical prop-
erties of chemical substances and their mixtures [1,2].
Most of the SS data reported in the literature have been
obtained via so-called intrusive or invasive methods,
where both the transmitter and receiver of the acoustic
wave are in direct contact with the media under in-
vestigation [3–5], while in a few cases non-intrusive
methods have been used [5–9]. The non-intrusive SS cell
used in the current work is distinct from other non-
intrusive ones in two respects: (a) no long buffer rods* Corresponding author. Fax: +351-21-4411-277.
E-mail address: luis.rebelo@itqb.unl.pt (L.P.N. Rebelo).
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doi:10.1016/j.jct.2003.12.001are used (instead, it presents a unique internal shape)
and; (b) the internal volume was decreased by one or
two orders of magnitude. Commonly, the volume of the
liquid to be used is relatively great (typically, of the
order of tens or hundreds of cm3). The present work
reports the development made at the ITQB laboratories
in Oeiras of an ultrasonic cell and its apparatus for
measuring the speed of sound propagation in liquids,
which makes use of a non-intrusive method using an
extremely reduced liquid volume (0.8  106 m3). For
this purpose, we designed and built a compact microcell
that permits the measurements to be performed by lo-
cating the transducers (piezoelectrics) outside the liquid
under study. The main advantages of this methodology
over traditional invasive and large-volume methods are:
(i) the possibility of undertaking measurements on al-
most any type of liquid, even if it is aggressive or re-
active to the piezoelectric materials; (ii) the avoidance
FIGURE 1. Schematic representation of the non-intrusive acoustic
microcell with an internal volume of 0.8  106 m3. A and D, caps
holding the PZTs; B, stainless steel cylindrical body; C, cell closure; E,
wires for electrical connections; F, piezoelectric transducers; G, 1=1600
tubing; H, high-pressure fitting.
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electric contacts upon pressurization; (iii) the easy
generation of high pressures; (iv) the possibility of un-
dertaking studies in metastable regimes, e.g., liquids
under tension and/or supercooled; (v) the ability to
obtain measurements of SS in very expensive fluids,
e.g., isotopically substituted ones. The three latter
points are a direct consequence of the extremely re-
duced volumes involved.
With the dual purpose of testing the novel microcell
and associated methodology as well as determining ex-
tended high-accuracy data for an important fluid, ace-
tone (2-propanone) was chosen to carry out SS
measurements in a broad range of temperature (265 <
T =K < 340) and pressure (0:1 < p=MPa < 160). Due to
a surprising lack of extensive high quality data for this
compound (considering its importance and popular use)
even at low pressure, we have also measured at the
REQUIMTE laboratories in Caparica its SS up to
60 MPa using a high-accuracy standard technique [3]
which makes use of a double pulse-eco method. To the
best of our knowledge there exists only one report [10]
on the pressure dependence of the speed of sound in
acetone at three isotherms.
This new microcell will be very useful in systematic
investigations of the physical properties of various liq-
uids and their mixtures under extreme (p; T ) conditions,
especially if speed of sound data can be combined with
those of density. To this end, a more detailed analysis of
the data from the literature revealed that precise density
data for acetone [11–14] are only known for very limited
temperature and pressure values (mostly at 298 K and
0.1 MPa) and there is, thus, a need to perform more
systematic measurements of density. Therefore, we have
also carried out such measurements in the temperature
range (298 to 333) K and up to 60 MPa. Kooner and
Van Hook [15] investigated the deuterium isotope effect
on several thermodynamic properties of acetone (per-
protonated (-h) versus perdeuterated (-d)). The com-
bined results of the speed of sound and density allowed
us to calculate other physical properties of acetone such
as isoentropic (js) and isothermal (jT) compressibilities,
isobaric thermal expansivities (ap), isobaric (cp) and
isochoric (cv) specific heat capacities and thermal pres-
sure coefficients (cv). Whenever available, these values
are compared with literature data obtained via other
methods.2. Experimental
2.1. Novel acoustic cell
In order to measure the speed of propagation of
sound waves in liquids using a non-intrusive method, a
new cell was designed and built (figure 1). It consistsroughly of a 316 stainless steel hollow, thick-wall cyl-
inder (diameter and length are approx. 30 mm and 36
mm, respectively) where two 1 MHz piezoelectric
transducers (PZT), one acting as a transmitter and the
other as a receiver, are housed in specially designed
compartments in the outer section of the cylinder. They
are firmly fixed to this outer segment of the stainless
steel walls of the cavities, and, additionally, a thin layer
of silicone oil has been placed between the PZTs and the
stainless steel to achieve better surface contact (thus,
enhancing the transmission of the sound wave). After
many attempts, the internal geometry was optimised in
order to obtain a clean, low-noise acoustical wave sig-
nal, highly sensitive to solvent, temperature, and pres-
sure changes. That optimal geometry comprises (in
longitudinal section) an ‘‘H-shaped’’ volumetric form.
Generally speaking, this type of internal geometry is of
vital importance as it forces the sound waves to travel
through the liquid while delaying those travelling
through the stainless steel body of the cell. The un-
wanted signals arising from other directions than those
containing the liquid reach the receiver later than the
main signal. A patent approval (patent filed) has been
requested for the current microcell. The total internal
volume of the cell (and, the liquid) is very small (less
than 0.8  106 m3). The transducers are 3 mm diam-
eter, 2 mm thick discs made of a polarised piezoelectric
ceramic of lead-titanate-zirconate (PbZrO3/PbToO3). A
thin film of silver was deposited on both of their faces, to
serve as an electrode. Both PZTs are separated from the
liquid sample by a 2 mm wall of stainless steel. Thus, the
main wave leaves the transmitter PZT travelling, first
through, ca. 2 mm of stainless steel, then along a ca. 9
mm liquid path, and finally, along 2 mm more of
stainless steel, after which it reaches the receptor ultra-
sonic receptor. Although the fundamental resonance
frequency of the ultrasonic transducers is 1 MHz, it was
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MHz. This can be attributed to the fact that the PZT
discs are contained in and fixed to a cavity in the body of
the cell, which restricts their vibration modes. Electrical
connections to the PZTs were made via multi-wired
coaxial cables.
The apparatus, schematically shown in figure 2, was
built using standard high-pressure valves, 1=1600 thick-
walled tubing, and connectors (HIP). It includes a
pressure generator (HIP- model 37-6-30) of 11  106 m3
volume equipped with Teflon sealing o-rings, capable of
reaching pressures of the order of 200 MPa. Pressure is
measured using an Omega pressure transducer, which
was calibrated against a high-accuracy Heise gauge.
Pressure is measured to both a precision and accuracy
better than 0.05%. In the case of low-cost, low-vis-
cosity, relatively high-vapour pressure fluids (such as
acetone) the entire apparatus (pressure generator, pres-
sure sensor, tubing, etc.) is completely filled with the
liquid under investigation. Thus, the liquid simulta-
neously acts as the liquid sample under study and hy-
draulic fluid as well. Otherwise, the liquid sample only
occupies volumes corresponding to the cell and buffer
lines. The buffer lines prevent the presence of any traces
of hydraulic fluid at any time inside the cell, which
would certainly occur upon several pressurization cy-
cles. The acoustic cell is placed in a Hart Scientific cal-
ibration bath (stability 0.001 K) and the temperature is
measured by a 4-wire platinum resistance thermometer
(PRT) coupled with a Keithley digital multimeter
(Model DMM 199). The PRT was previously calibrated,
thus allowing temperature measurements on the ITS-90
scale with an estimated uncertainty better than 0.01 K.FIGURE 2. Schematic representation of the high-pressure apparatus
for the speed of sound measurements: 1, high-pressure generator
(screw injector); 2, three-way connector; 3, pressure transducer; 4,
high-pressure valves; 5, four-way connector; 6, acoustic microcell; 7,
thermostatic bath; 8, platinum resistance thermometer; 9, 1=1600 tubing
of buffer line.2.2. Measurements and chemicals
Tomeasure the speed of sound, a 0.5MHz, 16 V peak-
to-peak sinusoidal wave is fed to the transmitter PZT
through a Wavetek 50 MHz function generator (Model
80). The signal passes through the metal, the liquid, and
the metal again, and it is recognized by the receiver PZT.
The response signal is then amplified and sent to a digital
oscilloscope (Tektronix, model TDS 3032) where it is
analysed. By measuring the total time period between the
two instants (the time delay between the initial and final
signals, the so-called Time of Flight, Ds), one can deter-
mine the speed of sound in the liquid. Ideally, this total
time is the sum of the periods of time that the wave re-
mains in the two 2 mm thickness stainless steel walls
followed by the 9 mm long liquid path. Were both these
dimensions and the SS in the stainless steel known to very
high accuracy (and as a function of p and T ), one could
easily determine the SS in the liquid, u, by simple differ-
ence between these two terms,
1=u ¼ KDs KK 0; ð1Þ
where K and K 0 are functions weakly dependent on T
and p and related, respectively, to the acoustic thickness
of the liquid and the acoustic thickness and SS in the
metal. In practice, this is not feasible, and a calibration
procedure has to be followed. The cell was calibrated by
measuring the Ds of toluene, water, ethanol and tetra-
chloromethane over broad ranges of pressure (0:1 < p=
MPa < 175), temperature (278:15 < T=K < 338:15) and
SS (800 < u/m  s1<2000) using a total of 120 data
points, and fitting the data along with the literature
values of uðp; T Þ for these liquids (toluene [16], water
[17], ethanol [18], and tetrachloromethane [19]). For this
purpose we used the following equation
1=u ¼ ðc1 þ c2T þ c3T 2Þ þ ðc4 þ c5T þ c6T 2Þp2þ
fðc7 þ c8T þ c9T 2Þ þ ðc10 þ c11T þ c12T 2Þp2gDs:
ð2Þ
K and K 0 in equation (1) can thus be empirically de-
termined as a function of T and p. On the basis of the
statistical evaluation of the residuals between equation
(2) and the literature data of the four calibrating fluids,
the overall uncertainty (accuracy) of the SS measure-
ments in the full experimental range of pressure, tem-
perature, and speed of sound is estimated to be of the
order of 0.1 to 0.2. This figure mainly reflects some
degree of inconsistency between four distinct data sets
since the internal precision is slightly better, 0:05%.
This can be judged by the standard deviation of the Pade
3 3 fit (equation (3), see below) to the data points of
acetone obtained with this new microcell. In turn, the
uncertainty in the measurement of Ds is 2  1010 s,
which contributes to an uncertainty of 0.02 to 0.04
m  s1 to u, i.e., less than 0.004%.
FIGURE 3. Isotherms of the experimental speed of sound, u, in ace-
tone. The line (merely a visual guide) shows, qualitatively, how u has to
214 R.G. de Azevedo et al. / J. Chem. Thermodynamics 36 (2004) 211–222Spectroscopic grade acetone, purchased from Merck,
with purity better than 99.9% (as checked by gas chro-
matography) was filtered through 0.2 lm filters and
injected into the cell. In the case of the measurements
performed with the novel microcell, the liquid is injected
under vacuum to insure the complete filling of the cell.
The cell itself had previously been placed in a vacuum
oven at 370 K for 24 h to degas the stainless steel and
remove traces of water.
This new microcell was tested taking advantage of the
parallel measurements we have performed in this work
on the speed of sound in acetone using the standard
intrusive cell [3] of well-proven reliability. The compar-
ison of the results obtained in the temperature range
(288 to 340) K and pressure up to 65 MPa shows that
the largest deviations are of the order of 0.2% (see be-
low), which confirms the usefulness of the new cell.
Densities, q, in the temperature range (298 to 340) K
and pressure range (0.1 to 60) MPa were measured using
a previously calibrated Anton Paar DMA 512P vibrat-
ing tube densimeter, where temperature is controlled to
0.01 K and pressure accuracy and precision are better
than 0.05%. The overall density precision is typically
0.002%, while its estimated uncertainty (judging by the
residuals of the overall fit in comparison with literature
data for the calibrating liquids) is 0.02%.
decrease upon depressurisation in order to meet the null value criterion
at the mechanical spinodal locus (at the highest experimental tem-
perature). , 338.22 K; , 328.33 K; j, 318.22 K; s, 308.22 K; r,
298.23 K; }, 288.23 K; M, 280.74 K; +, 273.16 K; N, 265.67 K.
FIGURE 4. Individual experimental data points of u using the non-
intrusive (nint) and the standard intrusive (int) methods compared as
deviations in percentage. , 338.22 K; , 328.33 K; j, 318.22 K; s,
308.22 K; r, 298.23 K; }, 288.23 K.3. Results and discussion
The measured values of the speed of sound and
densities of acetone as a function of temperature and
pressure are shown in figures 3–5. In the case of the SS,
results obtained with this novel cell are compared with
those using the standard pulse-eco method (figure 4).
Although physical and thermodynamic properties of
acetone have been studied for many years, it still ap-
peared that most of the work has been done at room
temperature and atmospheric pressure. In particular,
using pressure as a variable has been relatively rare. In
respect to density, direct measurements over broad
ranges of temperature and pressure are practically not
available. Actually one needs to extract density from
other volumetric measurements and compile data over
broader temperature and pressure ranges (French [12],
Mahlotra and Woolf [13], P€ohler and Kiran [14]).
Even less data are available for the speed of sound of
acetone. Only a few data points are available at atmo-
spheric pressure [20,21] and old data by Eden and
Richardson [10] extend the pressure range up to 70 MPa
at only three isotherms. The most extensive data on the
thermodynamic properties of acetone over broad inter-
vals of temperature (273 to 323) K and pressure (1 to
400) MPa have been given by Malhotra and Woolf [13].
These include calculations of isothermal compressibility
(jT), isobaric expansivity (ap) and isobaric heat capacity(cp). The latter has also been determined directly from
calorimetric measurements in the temperature range
(273 to 325) K but only for atmospheric pressure (Low
and Moelwyn-Hughes [22], Staveley et al. [23], and
French [12]; Ibberson et al. [24] reported cp from the
solid region to the liquid up to 300 K). There are no cp
FIGURE 5. Isotherms of the experimental density, q, of acetone. M,
333.04 K; r, 328.06 K; d, 322.93 K; +, 317.97 K; m, 313.04 K; },
308.08 K; m, 303.10 K; , 298.15 K.
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for higher pressures than the atmospheric one.
The speed of sound raw data (more than 360 points)
as a function of both temperature and pressure are re-
ported in table 1. For the sake of economy of size of the
table, data are presented for nominal temperatures
which, typically, differ from the actual ones by no more
than (0.01 or 0.02) K. Note that ðou=oT Þp  ð4:25
0:25Þ m  s1  K1 within the whole T ; p range. Original
data have been fitted to a Pade 3 3 equation of the
form:











The values of the coefficients were calculated by
means of a least-squares analysis of the experimental
results (using the algorithm of Marquardt–Levenberg)
and are given in table 2. The standard deviation between
the experimental and fitted values is found to be 0.08%
(0.05% if solely the non-intrusive cell data are consid-
ered), which demonstrates the validity of this represen-
tation. This fitting equation was screened for thirty
isotherms within the experimental temperature range
(265 < T=K < 340), thus in steps of 2.5 K, and for steps
of 0.1 MPa within the experimental interval of pressure
(0:1 < p=MPa < 160) for a total of 48,000 data points.
No poles for this rational function were found. Also,
neither the temperature nor the pressure derivatives of
uðp; T Þ as described by equation (3) present any anom-
alies. Therefore, equation (3) can be safely used for in-
terpolations.
As mentioned above, the only available experimental
data on the pressure dependence of the speed of sound
are those published 40 years ago by Eden and Rich-
ardson [10]. The comparison of their results with ours,presented for selected isotherms (figure 6), shows bad
agreement in the whole pressure range. One should
notice that, at lower temperatures, somewhat better
agreement is seen for higher pressure while, at higher
temperatures, the compared results come closer for
lower pressure. A comparison between our density data
and theirs reveals similar trends. It is our contention
that the analysis of both the speed of sound and density
data suggests that their acetone samples certainly con-
tained a non-negligible amount of water and this con-
stitutes the main reason for the observed discrepancies.
There exists another single datum point for the speed of
sound of acetone reported by Papaionnou et al. [21] at
298.15 K and 0.1 MPa (u ¼ 1160:6 m  s1), which agrees
reasonably well with our result (u ¼ 1153:7 m  s1), but
not sufficiently, taking into account our interval of un-
certainty. Similarly, we attribute this discrepancy to a
higher water content of the literatures sample.
The isothermal plots of the speed of sound versus
pressure, shown in figure 3, are not linear showing, in-
stead, obvious curvature, which becomes especially
pronounced at higher temperatures. This fact suggests
the proximity of the mechanical spinodal line (at which,
theoretically, u ¼ 0). Below a certain temperature, which
is system-to-system dependent, pure substances present
a spinodal line for the liquid phase that is located at
absolute negative pressures [25]. Negative pressure re-
gimes can be achieved experimentally when the liquid
probes metastable conditions of superheated and stret-
ched states [26–28]. The spinodal line can be estimated
using the Peng-Robinson equation of state (in the case
of acetone, at T ¼ 338 K it is found at p ¼ 32:5 MPa).
Density raw data as a function of both temperature
and pressure are reported in table 3. Our experimental
densities agree very well with existing, if scattered, lit-
erature data [12–14,21]. If one compares the collected
literature data [12–14,21], with the results obtained in
this work using a global fitting procedure (see equation
(5) and table 4), one concludes that the agreement is
better than 0.02%, 0.07%, 0.37%, and 0.06%, respec-
tively. Although the global fitting procedure works very
well for the representation of the density values, the
differentiation with respect to p and T leads to some
irregularities. Therefore, in order to calculate the iso-
thermal compressibility, jT, and the isobaric thermal
expansivity, ap, from q (p; T ) data we have decided to










we used the well defined pressure dependence of density
described by the Tait equation for each isotherm:
1=q ¼ 1=q þ A lnfðBþ 0:1Þ=ðBþ pÞg; ð5Þ
TABLE 1
Experimental speeds of sound u for acetone as a function of temperature T and pressure p































































p/MPa u/(m  s1)
60.002 1520.08
65.000 1538.71
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*Measurements performed with the non-intrusive method.
TABLE 1 (continued)
p/MPa u/(m  s1)
149.849 1721.56*
159.838 1743.99*
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TABLE 2
Coefficients of equation (3) valid within the intervals: 265 < T=
K < 340 and 0:1 < p=MPa < 160
aij j
i 0 1 2
0 2.55504  103 4.28692  101 )2.20070
1 )8.34018 )3.19580  101 1.28060  102
2 6.31423  103 7.35340  104 )1.76633  105
bkl l
k 0 1 2
0 1.00000 6.32893  102 )1.54202  103
1 )1.20021  103 )5.01416  104 9.37898  106
2 )1.08291  106 1.06248  106 )1.39463  108
FIGURE 6. Comparison between our interpolated speed of sound
data (full lines) for acetone using the Pade 3 3 fitting (equation (3))
and the data of Eden and Richardson [10]. s, 314.15 K;M, 303.65 K;
}, 293.15 K.
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a reference pressure of 0.1 MPa. The Tait equation
has long proven to constitute a powerful fitting
equation even in the low pressure region near ortho-
baric conditions [29], provided the pressure interval is
not extremely broad. Dymond and Malhotra [30]
discussed the merits of this equation and its excellent
representation of liquid densities up to 150 MPa.
Typically, in the current work, the largest residuals for
each isotherm of density are of about 0.003%. The
coefficients of the fitting equation are given in table 4.
The calculated jT values for acetone are presented in
figure 7 and table 5. Our values of jT compare well
with those reported by Malhotra and Woolf [13] and
Staveley et al. [23]. The deviations are not greater









can also be obtained from analytical differentiation of
the qðT Þ fitting equation. Unfortunately, there is no
analogue of the Tait equation for the temperature de-
pendence. As shown above, many analytical fitting
equations can satisfactorily reproduce the experimental
densities but at the same time lead to different isobaric
thermal expansion coefficients. Because the best choice
of method for fitting the qðT Þ data is unclear, several
attempts were checked and it was finally decided to use a
second order polynomial to individually fit each exper-
imental isobar. The results of ap are presented in figure 8
and reported in table 6. The agreement between our
results and those from literature [13,23] is satisfactory –
over the whole temperature and pressure range studied
deviations are not greater than 3%.
Densities and speed of sound data can be combined






The calculated isentropic compressibilities are pre-
sented in figure 9 and table 7. Estimated uncertainties
are less than 1%. Selected points can be compared with
the available literature data [21,23] at 0.1 MPa. The
agreement is satisfactory, within 2%.
The density and speed of sound data when combined
lead to the calculation of isobaric heat capacities







In the calculation of isobaric heat capacities, all values
for each thermodynamic property expressed in equation
(8) were obtained as previously described. For instance,
isothermal compressibilities were obtained by pressure
differentiation of equation (5), whereas isobaric thermal
expansivities were obtained by temperature differentia-
tion of second order polynomials that individually fit
each experimental isobar of density (see table 8).
Although the present cp data agree reasonably well
with both reported calculated [13] and experimental [23]
(calorimetric) values, the uncertainties associated with
the calculated ones can be as high as 7%. In the calcu-
lation of cp, all errors of the previously calculated
quantities accumulate, and especially large errors may
arise from the difference (jT  jS). As for the latter, our
results show that the ratio (jT=jS) in acetone varies, ir-
respective of temperature, linearly from 1.4 to 1.3 as
pressure shifts from (0.1 to 60) MPa. In other words, jT
is greater than jS by 30% to 40%. Taking into account
that the accuracy of both jT and jS is of the order of a
TABLE 3
Experimental densities q for acetone at temperatures T and pressures
p
p=MPa q/(kg m3)
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can still be legitimated, but the difference in the denom-
inator largely contributes to the overall uncertainty of cp.
Taking into account the relation:
cp=cv ¼ jT=jS; ð9Þ
one can calculate the isochoric specific heat capacity
according to:
TABLE 4
Coefficients of equation (5) for the density of acetone on each isotherm, valid in the range (0:1 < p/MPa < 60)a
T /K A/(kg1 m3) B/MPa q/(kg m3)
298.15 1.14838  104 67.4822 784.332
303.10 1.15333  104 64.1469 778.763
308.08 1.16241  104 61.1206 773.039
313.04 1.17553  104 58.4346 767.217
317.97 1.19261  104 56.0893 761.310
322.93 1.21386  104 54.0563 755.247
328.06 1.24012  104 52.2982 748.849
333.04 1.26979  104 50.9265 742.514
a In the case of global fitting procedure one uses A ¼ 8:33473  104  4:87964  106ðT=KÞ þ 8:28215  109ðT=KÞ2, B ¼ 869:871
4:67571ðT=KÞ þ 6:65600  103ðT=KÞ2, and q ¼ 897:862þ 3:51327  101ðT=KÞ  2:45551  103ðT=KÞ2.
TABLE 5
Calculated values of isothermal compressibility jT from this work on the ex
p/MPa T /K
298.15 303.10 308.08 313.04
103 jT/MP
0.100 1.333 1.398 1.468 1.541
5.003 1.250 1.308 1.368 1.432
9.921 1.178 1.228 1.282 1.338
14.838 1.114 1.159 1.206 1.256
19.756 1.057 1.097 1.140 1.184
24.673 1.005 1.042 1.080 1.121
29.591 0.959 0.992 1.027 1.064
34.508 0.917 0.947 0.979 1.013
39.426 0.879 0.906 0.935 0.966
44.343 0.844 0.869 0.896 0.924
49.261 0.811 0.835 0.860 0.886
54.178 0.782 0.803 0.826 0.851
59.096 0.754 0.774 0.796 0.819
FIGURE 7. Isotherms for the isothermal compressibility of acetone.
M, 333.04 K;r, 328.06 K;d, 322.93 K; +, 317.97 K;j, 313.04 K;},
308.08 K; m, 303.10 K; , 298.15 K.






Calculated values compare favourably (within 5%)
with those reported by Staveley et al. [23] for 0.1 MPa.
Finally, it is worth to calculate values of the thermal









Calculated values are in good agreement with data
reported by Staveley et al. [23] at 0.1 MPa (within 3%).4. Conclusions
The values of calculated thermodynamic properties of
acetone are generally in good agreement with the most
reliable data found in the literature proving the high
quality of the experimentally measured densities and
speeds of sound. This, in turn, proves the usefulness of
the new microcell for speed of sound measurements in
broad temperature and pressure ranges.perimental isotherms and isobars
317.97 322.93 328.06 333.04
a1
1.616 1.693 1.772
1.498 1.565 1.634 1.700
1.396 1.455 1.517 1.576
1.308 1.361 1.416 1.469
1.231 1.278 1.328 1.376
1.163 1.206 1.251 1.295
1.102 1.141 1.183 1.224
1.048 1.084 1.122 1.160
0.999 1.032 1.068 1.103
0.954 0.986 1.019 1.052
0.914 0.943 0.974 1.005
0.877 0.904 0.934 0.963
0.843 0.869 0.896 0.924
TABLE 7
Calculated values of isentropic compressibility js from this work on the experimental isotherms and isobars
p/MPa T/K
298.15 303.10 308.08 313.04 317.97 322.93 328.06 333.04
103 js/MPa1
0.100 0.958 1.003 1.052 1.105 1.160 1.221 1.287
5.003 0.903 0.944 0.987 1.033 1.081 1.133 1.191 1.250
9.921 0.856 0.892 0.930 0.971 1.013 1.059 1.109 1.161
14.838 0.814 0.847 0.881 0.917 0.955 0.996 1.040 1.085
19.756 0.778 0.807 0.838 0.870 0.905 0.941 0.980 1.021
24.673 0.744 0.771 0.799 0.829 0.860 0.893 0.928 0.964
29.591 0.715 0.739 0.765 0.792 0.820 0.850 0.882 0.915
34.508 0.688 0.710 0.734 0.759 0.785 0.812 0.841 0.871
39.426 0.663 0.684 0.706 0.729 0.753 0.778 0.804 0.832
44.343 0.640 0.660 0.681 0.702 0.724 0.747 0.771 0.797
49.261 0.620 0.638 0.657 0.677 0.697 0.719 0.742 0.765
54.178 0.600 0.618 0.635 0.654 0.673 0.693 0.714 0.736
59.096 0.582 0.599 0.616 0.633 0.651 0.669 0.689 0.709
TABLE 6
Calculated values of isobaric thermal expansivity ap from this work on the experimental isotherms and isobars
p/MPa T/K
298.15 303.10 308.08 313.04 317.97 322.93 328.06 333.04
103 ap/K1
0.100 1.426 1.467 1.510 1.553 1.597 1.642 1.689
5.003 1.385 1.417 1.449 1.482 1.516 1.551 1.587 1.623
9.921 1.329 1.360 1.391 1.422 1.454 1.486 1.521 1.555
14.838 1.282 1.311 1.340 1.369 1.400 1.430 1.463 1.495
19.756 1.240 1.267 1.295 1.323 1.352 1.381 1.412 1.443
24.673 1.197 1.224 1.252 1.281 1.309 1.339 1.370 1.400
29.591 1.161 1.187 1.214 1.241 1.269 1.297 1.326 1.355
34.508 1.128 1.153 1.179 1.206 1.232 1.259 1.287 1.316
39.426 1.099 1.123 1.147 1.171 1.196 1.222 1.248 1.275
44.343 1.071 1.094 1.117 1.141 1.165 1.189 1.215 1.240
49.261 1.047 1.068 1.090 1.111 1.133 1.155 1.179 1.202
54.178 1.028 1.047 1.065 1.085 1.104 1.123 1.144 1.164
59.096 1.012 1.027 1.043 1.058 1.074 1.090 1.107 1.124
FIGURE 8. Isotherms for the isobaric expansivity of acetone. M,
333.04 K; r, 328.06 K; d, 322.93 K; +, 317.97 K; j, 313.04 K; },
308.08 K; m, 303.10 K; , 298.15 K.
FIGURE 9. Isotherms for the isentropic compressibility of acetone. M,
333.04 K; r, 328.06 K; d, 322.93 K; +, 317.97 K; j, 313.04 K; },
308.08 K; m, 303.10 K; , 298.15 K.
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TABLE 8
Calculated values of isobaric specific heat capacity cp from this work on the experimental isotherms and isobars
p/MPa T/K
298.15 303.10 308.08 313.04 317.97 322.93 328.06 333.04
cp/(kJ  kg1 K1)
0.100 2.044 2.097 2.151 2.212 2.283 2.367 2.493
5.003 2.048 2.103 2.159 2.219 2.288 2.368 2.489 2.597
9.921 2.052 2.109 2.166 2.226 2.294 2.369 2.484 2.589
14.838 2.056 2.115 2.173 2.233 2.299 2.370 2.480 2.581
19.756 2.060 2.121 2.181 2.240 2.305 2.372 2.476 2.572
24.673 2.063 2.127 2.188 2.248 2.310 2.373 2.472 2.564
29.591 2.067 2.133 2.195 2.255 2.316 2.374 2.468 2.556
34.508 2.071 2.140 2.203 2.262 2.321 2.375 2.464 2.548
39.426 2.075 2.146 2.210 2.269 2.327 2.376 2.459 2.540
44.343 2.079 2.152 2.217 2.277 2.332 2.377 2.455 2.532
49.261 2.082 2.158 2.225 2.284 2.338 2.378 2.451 2.524
54.178 2.086 2.164 2.232 2.291 2.343 2.379 2.447 2.516
59.096 2.089 2.169 2.238 2.297 2.348 2.380 2.443 2.509
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